The coupled effects of kinetics, solar cycle flux variations and vertical transport on the distribution of long-lived hydrogen-carbon-oxygen compounds in the terrestrial mesosphere and lower thermosphere are studied using a one-dimensional aeronomy model. The calculations account for the important chemical reactions and use rocket measurements of the solar flux at solar minimum and maximum. Photodissociation rates appropriate for the mesosphere are determined with a spherical shell atmosphere formalism; detailed corrections for the O2 Schumann-Runge bands and the temperature dependence of the CO2 cross sections are used. Then an eddy diffusion profile is derived which gives agreement with the Aladdin 74 mass spectral measurements of atomic O, O2, CO2, and Ar in the lower thermosphere and observations of the O3 minimum at ~80 kin. The 115 GHz CO radio emission line computed for the CO mixing ratio profile predicted with the new eddy diffusion profile compares well with recent observations of W. J. Wilson. Differences between the calculated CO mixing ratio profile and previous theoretical and observational determinations are discussed. Our derived eddy diffusion profile has a sudden decrease at 92 km which is necessary to produce the atomic O peak at 98 km that appears in the Aladdin 74 measurements. This stagnant region apparently is a recurrent or persistent feature of the upper atmosphere since an atomic O peak around 98 km has been seen by different techniques in different seasons over several years. Slow eddy diffusion in the lower thermosphere through the homopause was also the conclusion of earlier Ar/N2 rocket measurements studies. The analytic approach of this paper could be used in the future to monitor variations in middle atmosphere dynamics, if regularly conducted simultaneous observations of various groups of species were available.
INTRODUCTION
The chemical composition of the terrestrial mesosphere and lower thermosphere (•50-120 km altitude) reflects the coupled effects of solar radiation, chemical kinetics, and mass transport. An understanding of the relative importance of each of these factors will improve our knowledge of what changes in the middle atmosphere might result from variations in these driving forces and in turn will enable observations of changes in the chemical composition to be used to monitor the variability of the solar radiation field and mass transport rates (the kinetic rate constants being 'invariable'). Mount et al. [1980] report the results of rocket measuremerits of the solar spectrum near solar maximum and compare them with similar observations taken around solar minimum. At certain wavelengths below 1900 J•, the intensity ies, the magnitude of K(z) above 80 km is assumed to be constant. Hunten [1975] , for example, reviews the K(z) determinations just enumerated and suggests a value of 1 x 106 cm 2 s -l for K(z _> 80 km).
The different values reported for K(z) in the lower thermosphere may reflect real variations in K(z) since the different analyses used measurements made at different places and times. Moreover, the various tracer species are driven by slightly different transport processes, the normalization of such differences being somewhat difficult. However, a mass spectrometer rocket flight during the Aladdin 74 program simultaneously measured density profiles of N2, 02, O, At, and CO2 in the lower thermosphere Trinks and Fricke, 1978] , which can be used to determine K(z) consistent with many species. Microwave measurements of the mesospheric distribution of CO [Waters et For the results reported in this paper, background atmospheres appropriate for 30øN July and midlatitude spring/fall were used to be consistent with the time and location of different observations. Below 80 km the profiles for total density, molecular nitrogen, and temperature were taken from the U.S. Standard Atmosphere Supplements (1966). The background atmosphere above 90 km is critically important. The results of in situ observations of the thermosphere (for example, Trinks et aL [1978] ) usually differ from the theoretical profiles since theoretical models do not account for atmospheric dynamic disturbances such as tides and gravity waves. Therefore we used the Aladdin 74 total density and molecular nitrogen mass spectrometer measurements of Trinks et aL [1978] The numerical calculations were performed for the altitude range 40-130 km. Below 50 kin, however, CIO,, and NO,, are important in the chemistry of odd oxygen [Frederick, 1980] , so our results apply only above 50 km since we do not include such chemical cycles. The lower boundary for the calculations was set at 40 km because of the availability of upper stratosphere observational results for the more abundant species. 
DERIVATION OF EDDY DIFFUSION PROFILE
A number of different models were used in the calculations to be discussed (see Table 2 ). The standard case, model 1, is a diurnally averaged calculation with a 7 ppm H20 mixing ratio at 40 km and a background atmosphere and radiation field idly, some CO2 cross sections will increase, resulting in a larger CO production rate than would occur otherwise. At the mesopause, where the temperature is as much as 100 ø below the temperature at which the cross sections were measured, the CO production rate will be reduced by this effect. In the thermosphere, this CO production rate temperature dependence, along with the choice of appropriate CO and CO2 boundary conditions, results in the CO profile crossing the CO2 profile at 109 km (model 1). The crossing point in the solar maximum calculation (model 4) is 2 km lower.
Most of the previously published mesospheric carbon chemistry models yield CO profiles quite different from ours. The pioneering model of Hays and Olivero [1970] gives too much CO in the lower mesosphere by a factor of 10-100. The fact that they find CO to be in photochemical equilibrium below 70 km (cf. our Figure 6 ) must mean that their CO2 photodissociation rate is too large (as described above) and/or their OH concentrations too small, both effects leading to an increase in the predicted CO abundance. The Wofsy et al. [1970] CO profile is smaller than ours above the mesopause, which may result from their using a K(z) --5 x 106 cm 2 s -i above 70 kin, causing CO to be moved too rapidly through this region. As the CO peak brightness temperature is most sensitive to K(z) at the homopause and in the lower thermosphere region just below. If measurements sensitive to the thermospheric CO could be made, variations in the vertical profile of the CO/CO2 ratio would also reflect thermal structure and radiation field changes. As mesospheric 03 concentrations reflect the magnitude of the downward flux of atomic O from the thermosphere and the upward transport of from the stratopause, simultaneous radio observations of H20, 03, and CO could be used to separate the effects of diurnal chemistry and systematic changes in the radiation field and eddy diffusion rate below 90 km. Of these various group measurement programs, the last set of observations can be instituted most easily since the necessary technology is currently . Since the lifetimes of the species we are considering in this paper are longer than the diurnal period, their profiles reflect the long-term average atmospheric temperature. Therefore we chose a thermospheric temperature profile that follows the Millstone Hill data above 110 kin, below which altitude we then guess at a smoothly varying profile that fits with the 1966 profile below 90 km.
